Field data on crop susceptibility factors (CS) and stress-day factors (SEW30) were reviewed and evaluated. The effects of CS factors and their corresponding values of normalized crop susceptibility factors (NCS) on the relationship between stress day index (SDI) and relative yield (RY) were evaluated. Different sets of CS and NCS values for corn, obtained from different locations in the world, were also compared. The results of this study indicate that the relationships developed between SDI and RY by using CS factors will be significantly different from the ones developed by using the corresponding NCS factors. Also, the use of CS values from other locations could be acceptable for calculating the SDI values for drainage design if local data on SEW30 factors are available.
. Also, the CS factors estimated by Hiler (1979) based on unpublished data were used in this study. Insufficient information was available in the literature on CS values given by Hiler (1979) . Three sets of CS factors Evans and Skaggs, 1984; Hiler, 1979) and their normalized values were used separately to determine the stress-day index (SDI) values by using data on SEW30 from a field study conducted in Iowa . This field study was conducted under naturally excessive soil water conditions. Relationships were developed between SDI and RY for each set of CS and NCS values. Several statistical models were used to get a best fitted line (regression equation) for each combination of SDI and relative yield, and best-fitted models based on coefficient of determination (R?) were selected. Finally, statistical comparisons were made (for linear models only) to find out which of the crop susceptibility factors (CS or NCS) is most appropriate to be used in developing relationships between SDI and RY for drainage design.
The following paragraphs give a brief summary of the experiments conducted in Iowa, North Carolina, and India.
Iowa Studies
Ritter and Beer (1969) conducted field experiments to study the response of corn to flooding. In these experiments, they used two rates of N application (a low rate of 55 kg/ha and a high rate of 390 kg/ha) and flooded the plots for 1, 2, and 3 days during three different crop stages. The experiments were conducted for two years (1966 and 1967) on Colo Soil (a floodplain soil) with permeable subsoil near Ames, Iowa. Data on CS values from plots receiving a low rate of N-fertilizer application were used in this study. Kanwar et al. (1988) conducted a field experiment to determine the response of corn to naturally fluctating water table conditions in an undrained are at the Iowa State University's Woodruff farm near Ames, Iowa. Fifty plots of 15 m X 15 m were established. Each plot received an equivalent of 168 kg N/ha. An observation well (180 cm long, 3.8-cm-diameter plastic pipe with perforated sides and open bottom) was installed in the center of each plot to a depth of 165 cm for measuring the water table depths. One-year data from this study on SEW30 and relative yield were used in this article. Mukhtar et al. (1988) obtained CS for four growth stages of corn by conducting experiments in 12, 3m x 6m field-type lysimeters. Plots were flooded once for 10 days during each growth stage. Data on CS factors from this study were used in this article.
India Studies
Joshi Evans et al. (1986) conducted a field study to evaluate different levels of stress at two growth stages (early and late vegetative). Two sets of eight plots (a total of 16 plots) were flooded once for a duration of 2, 4, 6, and 8 days at two different growth stages. Data for 1984 and 1985 from these 16 plots were used in this paper.
Stress-Day Index (SDI) Model
The stress-day index (SDI) model used in this paper was introduced by Hiler (1969) to characterize the effects of deficient water stress on crop yields. This concept was proposed as a quantitative means of determining the degree of stress imposed on a crop during its growing season. The same concept could be used to measure the degree of stress caused to plants under excessive soil water conditions. Ravelo et al. (1982) and Hardjoamidjojo et al. (1982) used this concept to characterize drainage requirements of crops.
The SDI, under excessive soil water conditions, is determined by using SEW30 and CS values for different stages of crop growth and is computed by the equation were computed by using the equation
where N is the number of growth stages, i through N; SD is stress day factor; and CS is crop susceptibility factor. SD in equation [1] was taken as SEW30 by Hardjoamidjojo et al. (1982) . Sieben (1964) used SEW30 concept to quantify the stress due to excessive wet soil conditions. He computed the SEW30 as
. [2] where WTD is the daily water table depth on day i, and n is the number of days. For this computation, negative terms were neglected, and SEW30 values were expressed in cm-days. Sieben (1964) observed that crop yields were essentially at maximum levels if SEW30 values did not exceed 200 cmdays.
The CS factor is a function of plant species and growth stage of the crop. Hiler (1979) discussed two methods for the determination of CS. The most common one is to subject the crop to a specified critical level of stress (soilwater conditions) at each of the physiological growth stages, which is different for different species, at different physiological growth stages.
Most researchers have used five growth stages (establishment, early vegetative, late vegetative, flowering, and yield formation) to determine the CS factors for corn. The CS factors were calculated by using the equation CSi=(X-Xi)/X . [3] where Xi X CS, = yield from stage i with excessive moisture stess, = yield from plots without any moisture stress, = CS value for growth stage i. (Table 1 ). These differences in CS values could be due to different soil and climatic conditions at two locations, but the differences are significant.
Different regression models were applied to develop relationships between the mean CS values and the number of flooding days for each stage of corn, both by including and excluding Iowa and North Carolina's CS values for 10 days of flooding. The reason for excluding or including the CS values of flooding for Iowa and North Carolina (Evans et al., 1986) was to point out that these CS values, when included in the linear regression analysis, changed the slopes and R2 values of the regression lines significantly (Tables 2 and  3) . Tables 2 and 3 give the best fitted models between CS and DOF on the basis of coefficients of determination (R2) for various growth stages. Table 2 and Fig. 1 show that, when CS values for 10 days of flooding from Iowa and North Carolina studies were excluded, the remaining data on CS values gave a very strong linear relationship between CS and DOF for each stage of corn; whereas, R^ values and slopes of regression lines decreased substantially when data on CS values for 10 days of flooding from Evans et al. (1986) and Mukhtar et al. (1986) were included (Table 3 and Fig. 2) .
Crop susceptibility is an important factor to consider in the design of drainage systems. The CS factors can be determined in the field by exposing the crop to a critical level of stress at each of the physiological stages of development. One of the most difficult task for researchers has been to define "a critical stress level due to excessive wet conditions" for each growth stage. Indeed, all studies conducted to date do not provide adequate data to quantify the critical stress level. Data on CS factors from various studies, as presented in Table   TABLE 2 Table 1 could be used to develope relationships between CS and DOF for each growth stage to determine a possible value of critical stress level. Table 1 of flooding is the critical stress level. Therefore, more experiments need to be conducted to study the response of crops at various growth stages to more than 10 days of flooding. Graphic relationships of regressed lines were drawn to evaluate the susceptibility of com for each growth stage as a function of DOF (Fig.s 1 and 2) . According to the pooled data of CS values (including all available data), as shown in Fig. 2 , which represent a variety of soil and climatic conditions, the most susceptible stage of corn to flooding is the late-vegetative stage (stage 3). But when the data from North Carolina's lysimeter study (Evans and Skaggs, 1986 ) are excluded, the most susceptible stage of corn is the establishment stage. Data on CS values for stage 1, as a function of different DOF, were collected in only one study describing the sensitivity of stage 1 to flooding (Chaudhary et al., 1975) . Thus, because of lack of data on CS as a function of DOF for stage 1, it is difficult to conclude whether first stage is the most critical stage for corn or not.
Comparison Between CS and NCS Factors
Various sets of CS values and their corresponding NCS values, as obtained by three different studies, are presented in Table 4 . Hiler (1979) gave CS values for only three growth stages (stage 1, stage 3, stage 5) that are significantly higher than the other CS values ( Table 4) . The CS and NCS values for Iowa and North Carolina are also different from each other for all stages of corn. When the sum of CS values for all stages in any study is less than unity, the normalizing technique increases the NCS values, and the reverse is true when the sum of CS values is more than unity (Table 4) . A better comparison should be possible if CS values are available for different locations for same number of growth stages of corn. Evans et al. (1986) also reported that the NCS concept gave favorable comparisons for the field and lysimeter studies when same number of growth stages are compared.
Effect of Crop Susceptibility Factors (CS and NCS) on the Relationship Between SDI and Relative Yield (RY)
Only one set of field data was available from Iowa in the literature where the response of corn growth was studied under naturally fluctuating water table conditions rather than under controlled flooding . The data for 1986 from this study were used to study the effect of CS factors on the development of relationships between SDI and RY. The reason for using this data set on SEW30 was that the data were collected under field conditions and not in the lysimeters, and excessive wet conditions were observed in the field during the entire growing season of 1986. relationships between RY and SDI are not improved by using the NCS values over CS values.
To observe the effect of various CS and NCS factors on SDI, linear regression models were plotted graphically and are shown in Fig.s 3 and 4 . Linear regression lines between SDI and RY were drawn by using the SEW30 data from Iowa and CS factors from Iowa , North Carolina (Evans and Skaggs, 1986 ) and reported by Hiler (1979) and are plotted in Fig. 3 . Statistical analysis of the slopes of the regression lines, shown in Fig. 3 , indicate that no significant differences existed between them. Figure 4 shows the relationships between RY and SDI, calculated by using SEW30 and RY data from Iowa and NCS values from Iowa, North Carolina, and given by Hiler (1979) . Although all these lines originate from the same point on the ordinate, but start dispersing as they move away from the ordinate. When this dispersion among the lines is compared between Fig. 3 (using CS factors) and Fig. 4 (using the corresponding NCS factors), the level of dispersion is much greater in Fig. 4 than in Fig. 3 . Also statistically, the three regression models shown in Fig. 4 are significantly different from each other (Table 5 ). This analysis clearly shows that the relationships developed between SDI and RY for a given location by using CS factors will be significantly different from the similar relationships developed by using the corresponding NCS factors. The results shown in Fig. 3 suggest that the use of CS factors from other locations should be acceptable if local CS factors are not available. When CS factors from three different locations in the U.S. were used with SEW30 and RY data from Iowa to develop relationships between SDI and RY (Fig. 3) , no statistical difference was found between the regression models. These results suggest that it is possible to use CS factors from other locations to calculate the SDI values if local SEW30 values are available.
CONCLUSIONS
Literature on the effects of excessive soil water conditions on the growth of com was reviewed from six different studies. The main objective of all these studies was to determine the drainage requirements of the corn crop. Data on excessive soil water conditions (SEW30), relative yield (RY), and crop susceptibility factors (CS) were collected from each study. The CS values for different number of days of flooding (DOF), as obtained in these studies, were compared. Growth stages 1 and 3, establishment and late-vegetative stages, respectively, were more sensitive to excessive wet conditions in comparison with the other three stages (early vegetative, flowering, and yield formation). The CS and their corresponding normalized values (NCS) obtained in three studies (Iowa, Hiler, and North Carolina) were also compared. The results of this study indicated that each set of CS and their corresponding values of NCS gave statistically different relationships between SDI and relative yield (RY).
The effects of CS and their corresponding NCS values on the relationship between SDI and RY were also studied. Data on SEW30 from Iowa, which were obtained under field conditions, were used for this purpose. Several statistical models were applied to get the bestfitted regression equation for each combination of SDI and RY. The best-fitted models were selected on the basis of coefficients of determination (R?), No significant improvement in R2 values were obtained when NCS factors were used instead of CS factors. In some cases, the use of NCS factors seems to decrease the R^ values, indicating that there are no significant advantages in using the NCS values over CS values. The results of this study indicate that the use of CS factors from other locations should be acceptable if local SEW30 factors are available.
